INTRODUCTION
Many local, State, and Federal agencies are concerned about the declining population of white sturgeon ( Acipenser transmontanus ) in the Kootenai River in Idaho. In 1994, the Kootenai River white sturgeon was listed as an Endangered Species, and fishing for this species was prohibited. The white sturgeon population decline is reflected in fewer juvenile sturgeon and an overall decline in spawning success (U.S. Fish and Wildlife Service, 1999) . The last successful recruitment of white sturgeon occurred in 1974. Recruitment occurs when a spawning event produces juvenile fish that survive to create a new year-class of fish in sufficient numbers to maintain the fish population.
Lack of Kootenai River white sturgeon recruitment has been attributed, at least in part, to changes in the natural streamflow regime of the Kootenai River after closure of Libby Dam near Libby, Montana, in 1972. These changes are hypothesized to have adversely affected channel substrate and sturgeon spawning habitat near Bonners Ferry, Idaho (fig. 1; Collier and others, 1996) . Other changes in the Kootenai River that could have affected the spawning substrate are the construction of dikes on the natural levees, changes in backwater conditions near Bonners Ferry caused by changes in the level of Kootenay Lake, and loss of wetlands in the river valley.
The Kootenai River White Sturgeon Recovery Team, composed of scientists and engineers from the Kootenai Tribe of Idaho (KTOI) and several local, State, Federal, and Canadian agencies, is trying to reestablish the recruitment of white sturgeon. Recognizing this, the U.S. Geological Survey (USGS), in cooperaBy Gary J. Barton, Edward H. Moran, and Charles Berenbrock tion with the U.S. Army Corps of Engineers, the Idaho Department of Fish and Game (IDFG) , and the KTOI, is conducting several studies that will provide the recovery team with information to develop hydraulic flow models of the Kootenai River from Libby Dam, Montana, to Queens Bay on Kootenay Lake in British Columbia, Canada. These models can be used to assess the feasibility of various habitat enhancement scenarios to reestablish the recruitment of white sturgeon.
PURPOSE AND SCOPE
The purpose of this report is to (1) describe methods for surveying stream channel cross sections from Libby Dam (Montana) to where the Kootenai River empties into Kootenay Lake (British Columbia); (2) present latitude, longitude, and elevation data for survey control stations that were established to provide horizontal and vertical referencing for the cross-section data; and (3) provide an online link to the complete set of cross-section data collected during this study. Selected cross sections that were representative of each geomorphic reach in the study area are presented in graphical form in this report. Additional cross-section and longitudinal data were obtained in the white sturgeon spawning reach near Bonners Ferry, Idaho ( fig.  1 ), for use in developing a multidimensional hydraulic model. Cross sections also were obtained at bridges throughout the study area. These bridge data are not published in this report but can be obtained by contacting the following USGS office: U.S. Geological Survey, 230 Collins Road, Boise, Idaho 83702-4520.
DESCRIPTION OF STUDY AREA
The Kootenai River begins in British Columbia, Canada, and flows through Montana, Idaho, and back into British Columbia ( fig. 1 ). The study area is the reach of the Kootenai River from Libby Dam in Montana at river mile (rm) 221.9 to where the river empties into Kootenay Lake at rm 77.251 and includes the spawning habitat for the Kootenai River population of white sturgeon near Bonners Ferry, Idaho, from rm 139.8 to 153.3 (figs. 2 and 3a-g, back of report). The Kootenai River is referred to as the Kootenay River in British Columbia. For the purpose of this report and as a matter of convenience, the United States spelling (Kootenai) will be used when referring to the river, and the Canadian spelling (Kootenay) will be used when referring to the lake because it is located entirely within British Columbia, Canada.
The Kootenai River Basin is an international watershed that drains parts of British Columbia, Montana, and Idaho ( fig. 1 ). The Kootenai River drainage basin is located within the Northern Rocky Mountains physiographic province, which is characterized by north-to northwest-trending mountain ranges. The Rocky Mountains form much of the eastern basin boundary, the Selkirk Mountains form the western basin boundary, and the Cabinet Mountains form the southern basin boundary. The Kootenai River is 448 mi long and drains an area of 17,600 mi 2 . The river's elevation is 11,870 ft at its headwaters in British Columbia.
At Kootenai Falls, located 29 mi downstream from Libby Dam, the river loses 300 ft of elevation over a distance of a few hundred yards and creates a natural fish-migration barrier. At Bonners Ferry, located 69 mi downstream from Libby Dam and near the upstream end of the white sturgeon habitat, the Kootenai River flows westward into a nearly straight, northwest-trending, 298-mi-long trough known as the Purcell Trench. The Purcell Trench is flanked by the Selkirk Mountains on the west and by the Purcell Mountains on the east. Here, the river meanders northwestward through the broad, flat bottomlands referred to as the Kootenai Flats ( fig. 1 ) for about 50 mi to Kootenay Lake near Creston, British Columbia. The Kootenai River then flows from the lower end of the West Arm of Kootenay Lake for about 20 mi and empties into the Columbia River at Castlegar, British Columbia.
Bonnington Falls, which now is the site of four dams, isolates white sturgeon from other populations of fish in the Columbia River Basin. The natural barrier has isolated the Kootenai River white sturgeon for approximately 10,000 years (Northcote, 1973) . The river's elevation is about 1,844 ft at the confluence of Kootenay Lake, located 146 rm downstream from Libby Dam. Kootenay Lake creates backwater conditions in the Kootenai River to a point downstream from the mouth of Deep Creek (rm 149.2) near Bonners Ferry. During May, June, and early July, when lake stage and river discharge are high, backwater conditions can extend a few miles upstream from the U.S. 95 Bridge (about rm 153) at Bonners Ferry ( fig. 3e ). 
Introduction
During periods of low flow, backwater conditions diminish and free-flowing water may extend a few miles downstream from the U.S. 95 Bridge.
Corra Lynn Dam, located at the outlet of Kootenay Lake ( fig. 1 ), was completed in 1931. Corra Lynn Dam is operated for hydroelectric power and affects water levels in Kootenay Lake and, hence, in the backwater-affected reach of the Kootenai River. The river channel upstream from the dam at Grohman Narrows was deepened in 1939 to remove obstructions to free flow in the river and reduce hydraulic losses in the forebay of the dam (International Joint Commission, 1938 Synder and Minshall (1996) and Barton (in press) classified four geomorphic reaches in the Kootenai River between Libby Dam and Kootenay Lake: a canyon reach, a braided reach, a gravel-cobble reach, and a meander reach. The canyon reach extends from Libby Dam to 1.2 mi downstream from the mouth of the Moyie River. Here, the valley broadens and the river forms a low-gradient, braided reach as it courses over gravel and cobbles. This braided reach extends downstream into the study area to a bedrock constriction near the U.S. 95 Bridge over the Kootenai River at Bonners Ferry. The buried gravel-cobble reach extends downstream from this bedrock constriction to the mouth of Deep Creek near Bonners Ferry. The meander reach extends from rm 149.9, 0.7 mi upstream from the mouth of Deep Creek, to the confluence with Kootenay Lake ( fig. 3e-g ). Paragamian and others (2001; 2002) identified five primary reaches in the Kootenai River between rm 141.6 and 149.0 where white sturgeon spawned during the period 1994-99 and observed that spawning occurred mostly in the outsides of river bends in the thalweg. The white sturgeon spawning habitat includes the buried gravel-cobble reach but principally lies within the meander reach. 1 Static global positioning system data and survey control station information were supplied by representatives of the U.S. Geological Survey.
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where H = orthometric height, h = ellipsoid height, and N = geoid height (throughout much of the conterminous United States, the geoid is a negative number).
The difference between published orthometric height and ellipsoid plus geoid height is what is "adjusted" when constraining published orthometric heights. Field data were downloaded and converted to RINEX2 standard format using Trimble's DAT2RIN, version 1.14a. NCORS data and broadcast and International GPS Service (IGS) precise ephemeris data were downloaded from the NGS Website, http://www.ngs. noaa.gov . The accuracy of the entire network of survey control stations ( (table 1) . These data were collected using a somewhat less rigorous method compared with that employed later during the October and November 2002 static GPS surveying effort. Duration of GPS occupations at benchmarks was generally shorter, meteorological conditions were not recorded, and the antenna height was measured only at the beginning of each GPS occupation. Static GPS data were collected using the same four Trimble GPS receivers and antennas described earlier in this section; two of the receivers occupied the same survey control stations during consecutive measurements, so movement of receivers resembled a leapfrog pattern. Michael McInnis of System Dividends, Inc., Denver, Colorado, was contracted to compute coordinates for the survey control stations. McInnis employed Trimble's Geomatics computer model configured with a hybrid geoid model. Andre Mainville of the Geodetic Survey Division, Natural Resources Canada, generated and supplied the hybrid geoid model by appending the
Establishing Survey Control Stations
Geoid99 model and the Canadian geoid model HT, version 2.0, modified to the study datum (NAVD88) at the international border. Dennis Milbert, developer of the American Geoid99 model, provided a cursory review of the hybrid geoid model and recommended using the modified model (Dennis Milbert, National Geodetic Survey, written commun., 2002). The computed coordinates for survey control stations are based on a minimally constrained adjustment which holds data from the NCORS, located in Spokane, Washington, and in Polson, Montana, fixed in the horizontal and holds data from NGS benchmark 85C068, located in the middle of the study area, fixed in the vertical. In comparison, the NGS processing constrained the data using 15 NGS A-, B-, and first-order vertical benchmarks and 5 NCORS. The latitude, longitude, and elevation of each survey control station are presented in table 1.
Both the NGS and System Dividends, Inc., computed coordinates and elevation at the same survey control stations at eight sites along the Kootenai River in Idaho. As previously mentioned, System Dividends, Inc., and the NGS computed coordinates and elevations on the basis of static GPS data collected at survey control stations during spring and fall 2002, respectively. The difference between elevations computed by System Dividends, Inc., and the NGS ranged from 0 to 0.128 ft; the median was 0.033 ft. The maximum discrepancy between the two sets of survey control solutions was less than the 0.155 ppm of vertical accuracy the NGS has rated for the network of survey control stations in Montana and Idaho.
COLLECTION OF STREAM CHANNEL CROSS-SECTION DATA
The U.S. Geological Survey collected stream channel cross-section and longitudinal data at about 400 locations along the Kootenai River between Libby Dam near Libby, Montana, to where the river empties into Kootenay Lake near Creston, British Columbia, Canada, during June and July 2002 and April, May, and June 2003. Of these, 245 cross sections were processed because they were suitable for use in one-dimensional hydraulic flow and sediment transport models. Cross sections were spaced at varying distances throughout the study reach ( fig. 3a-g ). Spacing was approximately 600 ft in the white sturgeon spawning reach between Deep Creek and Shorty Island, near the transition between backwater and the free-flowing river near Bonners Ferry, Idaho, and near bridges throughout the study reach. For other areas, spacing of cross sections averaged about 0.5 mi in Idaho and Montana but was as much as several miles in Canada. Each cross section was given a station number in river miles that corresponded to its location on the river.
River miles referenced in this report were derived from designations by the USGS National Mapping Division on 7.5-minute (1:24,000-scale) maps and by the Columbia Basin Inter-Agency Committee (1965). River miles generally are measured in 1-mi increments along the channel centerline in an upstream direction beginning with 0 at the river mouth, which, in this case, was the outlet to Kootenay Lake. Since the publication of these documents, the channel length in several places along the Kootenai River has changed somewhat because of bank erosion, deposition, or channel migration. As a result, the actual distances between the river mile designators shown on the maps are not always exactly 1.0 mi. However, it was decided to use these designators because many people are familiar with them and use them for a variety of purposes.
To utilize these river mile designators for identifying cross sections, the actual distance between river miles was measured in Idaho from the 1992 USGS 7.5-minute digital orthophoto quadrangles and in Montana from the 1995 USGS digital orthophoto quarter quadrangles. The digital orthophoto quadrangles are based on the rectification of aerial photos taken during the 1990s. The distance between the nearest downstream river mile designator to the cross section then was measured along the channel centerline. The ratio of crosssection distance to distance between river miles was calculated and used as the extension in the cross-section name. For example, a cross section located twothirds of the way between rm 155 and 156 would be designated rm 155.667. 
SURVEYING STREAM CHANNELS AT CROSS SECTIONS
The PC-based Windows navigational and bathymetric mapping software, HYPACK MAX, by Coastal Oceanographics, Inc., was used to plan and manage the hydrographic surveys and edit and manage the bathymetric data collected at each stream channel cross section. This software was installed on a laptop computer interfaced with a GPS and survey-grade depth sounder (fig. 4) . The GPS equipment is described in the section "Establishing Survey Control Stations." To establish the precise position of the depth sounder, the GPS was operated in real-time kinematic mode using a base station with a geodetic antenna set up over a survey control station and a roving antenna mounted in the survey vessel above the depth-sounding transducer. The GPS base station and roving antenna were radio linked to facilitate real-time differential correction to the bathymetric data being obtained by the echo sounder. The coordinates output from the GPS were WGS84 and NAVD88. The navigational and bathymetric mapping software, HYPACK MAX, was configured to display and track the vessel positions against a background of USGS digital line graphs showing hydrography, topology, and survey control monuments (fig. 4 ).
Water depth was measured with a survey-grade Innerspace Technology, Inc., Model 448 thermal depthsounder recorder. Manufacturer specifications for this depth sounder report that the depth of operation is from 0 to 335 ft, and speed of sound in water is selectable from 4,550 to 5,050 ft/s with a sounding rate of 20 Hz. The sounding signal is amplified with a time-varying gain that automatically compensates for spreading loss and attenuation over the depth range, and the depth measurement accuracy is ±0.1 ft. The depth-sounding transducer operated at 208 kHz with an 8-degree beam width at 3 decibels. During early summer 2002, water temperatures were recorded at the surface. During the spring 2003 surveying season, water temperatures were recorded both at the surface and near the riverbed with a Hydrolab Datasonde multiparameter water-quality probe. Water temperatures ranged from 41.0° to 44.6°F at these two depths throughout the entire survey. The difference in water temperatures did not warrant a change in the velocity of sound through water, which was set at 4,800 ft/s. Six stream channel cross sections upstream from Kootenai Falls were surveyed using a Topcon GTS-302 total station instrument. This surveying method was used where the river was too shallow or dangerous to navigate by vessel. Cross-section geometry was defined by a series of land-surface elevation data measured at variably spaced distances along section lines perpendicular to the directions of flow.
SURVEYING STREAMBANKS AT CROSS SECTIONS
Streambank shots were taken on the streambank at cross sections at breaks in topographic slope using a mapping-grade laser rangefinder (Laser Technology Impulse 200LR) and angle encoder (Laser Technology Mapstar Angle Encoder System) interfaced with the Trimble 5700 GPS. Accuracy for the laser rangefinder is 0.1 ft at 164 ft, 0.2 ft at 492 ft, and 0.5 ft at its maximum range of 1,887 ft. Distance between the laser rangefinder and the streambank was typically less than 700 ft. Field testing by the USGS survey field crew showed that the vertical accuracy of the laser rangefinder and angle encoder was ±0.1 ft and the horizontal accuracy was 2 ft.
QUALITY CONTROL PROCEDURES
Good quality control procedures help maintain the accuracy and precision of measurements, ensure that field measurements reflect the conditions being monitored, and provide data that can be relied upon for their intended uses. Accuracy is the relation between the reported data and the "true" value. During the establishment of survey control in Montana and Idaho, quality control procedures were completed using standardized NGS methods (Federal Geodetic Control Committee, 1989) . The real-time kinematic GPS and depth-sounder measurements were checked for accuracy at the start of each day during 2002 fieldwork and at the start, at random times during, and at the end of each field day during 2003 fieldwork.
Static Global Positioning System Measurements
Static GPS data collection for the purpose of establishing survey control stations during October and November 2002 included most of the quality control procedures that are outlined in the Federal Geodetic Control Committee's (1989) guidelines for establishing GPS-derived ellipsoid heights. These quality control procedures included ensuring that the antenna height was measured at the start, middle, and end of a GPS occupation at each survey control station. The identifier number was recorded for each of the eight notches on the GPS antenna's microcentered L1/L2 with ground plane antenna and Zephyr Geodetic antenna that were measured to determine height above the benchmark. During the October and November 2002 fieldwork, weather conditions such as barometric pressure, temperature, and humidity were measured at the GPS antenna during GPS occupations at each survey control station. Quality control procedures for static GPS data collected during March and April 2002 for the purpose of establishing survey control stations included two sessions of static GPS data collection at each survey control station with a different antenna height for each session.
Computation of Coordinates and Elevations for Survey Control Stations
Quality control in the computation of coordinates and elevations included an analysis of the residuals in each step of the survey control adjustment process using the NGS program ADJUST, version 4.2 (appendix A). This analysis indicated that most of the existing NGS benchmarks conformed well to the GPSdetermined orthometric heights; therefore, the newly determined benchmarks should reflect how well the processed vectors fit the network and constrained benchmarks.
Accuracy of Real-Time Kinematic Global Positioning System Measurements
The manufacturer reported that the accuracy of the Trimble 4700 and 5700 series GPS in the real-time kinematic mode is ±0.066 ft plus 1 ppm in the vertical and ±0.033 ft plus 1 ppm in the horizontal. Accuracy is subject to conditions such as multipath, obstructions, satellite geometry, and atmospheric parameters. Because the manufacturer reported that vertical accuracy is one-half the horizontal accuracy, the real-time kinematic GPS elevation (vertical) measurements were used to represent potential errors. Real-time kinematic GPS elevations were measured daily during fieldwork at survey control stations to provide quality control. The roving GPS antenna was removed from its mount on the survey vessel and set atop a survey control station. These measurements were almost always within 0.03 ft of the station's reported vertical solutions. This level of accuracy reflects a properly operated and functioning real-time kinematic GPS surveying system. In addition, the real-time kinematic GPS elevation measurements at survey control stations validate the integrity of the solutions that were computed for the network of survey control stations.
Accuracy of Depth-Sounder Measurements
Accuracy of the depth-sounder measurements was evaluated at the start of each field day at three depths; two depths from 3 to 20 ft below the transducer and the river bottom. The depth-sounding target was a 30-lb Columbus weight mounted on an E-reel. A measuring rod was used to measure the depth of water. Water temperatures were measured at the surface and near the riverbed to check for any indication of a change in the velocity of sound through water.
This test verified that accuracy was consistently within 0.1 ft. Upon completion of each depth-sounder accuracy check during the 2003 fieldwork, the HYPACK MAX computer-recorded streambed elevations were checked for consistency by comparing them with manually computed streambed elevations. Manual computations were based on the elevation of the GPS roving antenna read from the GPS receiver minus the vertical distance between the roving antenna and the depth-sounding transducer and the depth-sounder measurement.
Accuracy of Total Station Measurements
The manufacturer reported that the accuracy of the GTS-312 series total station is ±0.0066 ft + 2 ppm in the horizontal and ±0.0066 ft + 2 ppm in the vertical. The accuracy for surveying stream channels at cross sections using a total station exceeds that for surveying with GPS in the real-time kinematic mode and using a depth sounder. Although cross-section measurements with a total station may be more accurate, the speed of data acquisition is generally greater with a GPS in the real-time kinematic mode. tions that are representative of each geomorphic reach in the study area are presented in figures 5a-c. Distance across the channel, in feet, from the left-most surveyed point while facing downstream, and the land-surface elevation, in feet above NAVD88, are displayed. Information on the accuracy of stream channel survey data and on developing stream channel cross sections is provided in the following sections.
STREAM CHANNEL CROSS SECTIONS

DEVELOPING STREAM CHANNEL CROSS SECTIONS
The following steps were used to develop 239 cross sections; slightly different procedures were used to develop 6 cross sections upstream from Kootenai Falls. First, bathymetric and streambank data for each cross section were merged. Second, each cross section was straightened along a line that was roughly perpendicular to the direction of streamflow because there were often slight variations resulting from vessel operation. At some cross sections, such as 218.383 and 155.855, the section line was bent to keep it roughly perpendicular to the direction of streamflow because of the changing direction of streamflow along the entire section. Then the data were ordered from left bank (viewed as looking downstream) to right bank, and the left-most data point was assigned a distance of 0 ft. Distances along a cross section for all other data points then were calculated from the left-most point. Last, the number of depth soundings per cross section was reduced because the number typically exceeded 1,000 points and was well beyond the number of points needed for hydraulic flow and sediment transport models. Therefore, cross-section data generally were reduced to fewer than 200 points per cross section by retaining only one point between each 4-ft interval. The reduced dataset then was viewed graphically to assess the difference between the computer-generated streambottom profile and the measured profile. Where necessary, data points were added back into the dataset until the profile of the reduced dataset generally represented the profile of the original dataset.
ACCURACY OF STREAM CHANNEL SURVEY DATA
Accuracy of the survey method used to map the stream channel bottom is less than ±0.1 ft in the vertical and ±0.05 ft in the horizontal and is based on a summation of the following sources of error. Mapping error associated with the accuracy of the GPS-derived survey control is about 0.016 ft in the vertical. The manufacturer reported that the accuracy of the realtime kinematic GPS used in this study was ±0.066 ft in the vertical and ±0.033 ft in the horizontal. Accuracy of depth-sounder measurements during daily field evaluations was consistently about ±0.0003 ft.
Surveys were conducted mainly during calm conditions on the river and the vessel was operated in a manner that minimized both pitch and roll. The effect of survey vessel pitch and roll on the accuracy of depth-sounder measurements could not be determined but is considered only a very small fraction of overall measurement error. The GPS antenna was mounted vertically above the transducer and, thus, the GPS measured any change in the depth of the echo sounder below the water surface. This configuration of GPS antenna and transducer minimized bathymetric surveying errors associated with pitch and roll of the survey vessel.
Accuracy of the survey method used to map the exposed riverbanks is ±0.3 ft in the vertical and ±2 ft in the horizontal and is based on a summation of the following sources of error rounded to one significant figure. The NGS determined that the accuracy of the entire GPS-derived survey control network, compared with first-and third-order NGS benchmarks, was ±0.16 ft. The manufacturer reported that the accuracy of the real-time kinematic GPS used in this study was ±0.066 ft in the vertical and ±0.033 ft in the horizontal. The vertical accuracy of the laser rangefinder and angle encoder was ±0.1 ft and the horizontal accuracy was 2 ft.
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